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ABSTRACT

A series of two-dimensional synthesis calculations using
the SYN2D module of the ARC system with continuous trial func-
tions have been performed for a typical LMFBR configuration.
The procedure has produced remarkably accurate values of a
variety of physically significant reactor parameters.

INTRODUCTION

A series of two-dimensional synthesis calculations using the SYN2D
module of the ARC system with continuous trial functions has been per-
formed for a reactor model similar to a LMFBR configuration. The object
of the calculations was to investigate the quality of the synthesis
results that can be obtained in this situation for a variety of one-
dimensional trial function choices.

REACTOR CONFIGURATION

The reactor model chosen for this study is the reactor described in
Ref. 1. This model is similar in many aspects to a typical 1000-MWe LMFBR
design. The dimensions of the reactor and its subdivision in major regions
are shown in Fig. 1, where one-quarter of the configuration is depicted in
r-z coordinates.

For the neutronic calculations, both synthesis and finite-difference,
the reactor isotopic compositions were specified in more detail as shown
in Fig. 2 and in Tables I and II, where the geometrical layout of the
finer region structure and its isotopic compositions are specified.

Table I gives a beginning-of-cycle (BOC) isotopic composition and Table II
gives the middle-of-cycle (MOC) composition.
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The calculations in this study were performed using six energy
groups whose boundaries are listed in Table III. The cross sections used
are from the 29601 cross section set, which is a 6-group set obtained
fromzan original 29-group set prepared for FFTF studies, called the 29001
set.

The first step in the calculations was to obtain two-dimensional
fluxes and the corresponding values of kgff, power fractions, and regional
and total breeding ratios using a regular finite difference approximation
to the problem. The values obtained were then used as standard or '"exact"
values against which the various synthesis results were compared. The
ARC modules DIF2D(3) and INVENT,(4¥ which perform two-dimensional diffusion
calculations and inventories respectively, were used to obtain these
parameters.

SYNTHESIS CALCULATIONS

The synthesis calculations in this study are of the single-channel
continuous-trial function type; there is only one expansion of the flux
in terms of trial functions, which applies over the entire axial domain.
Galerkin weighting was employed throughout.

Five trial functions were used. All of them were one-dimensional
radial flux shapes, obtained with the DIF1D(5) module of the ARC system,
using the five different radial MOC compositions in the reactor (see
Fig. 2.).

Trial Function 1 is the one-dimensional flux in an infinitely long
cylinder with radial compositions and dimensions identical to those in
the core region of the reactor, starting with CZAl, CZA2, . . ., and end-
ing with the reflector region DEFRD. Trial Functions 2, 3, and 4 are the
one-dimensional fluxes in infinitely long cylinders with radial composi-
tions and dimensions identical to those in the first, second, and third
axial blanket regions starting with compositions ABAll, ABA21, and ABA3l,
respectively. Trial function 5 is a reflector trial function using only
the reflector composition across the REFAX region, in which a volume
source proportional to the fission source generated in calculating Trial
Function 4 was introduced.

Using these five trial functions, a series of synthesis calculations
was performed for the MOC configuration (Table II). Trial Function 1, the
one based upon core compositions, was present in all the calculations per-
formed. Table IV simmarizes some typical kg gf results obtained.

The values obtained are quite good for the calculations with five,
three, and even two trial functions. The last, and surprisingly good,
calculation using only one trial function shows the importance of the
core contribution to keff'






The values of regional breeding ratios for the regions are shown in
Fig. 1. The total breeding ratios were calculated with the INVENT (4)
module using the fluxes from the two-dimensional calculation and synthe-
sis calculations 1, 2, and 7. These values, together with the regional
power fractions, peak power, peak power location, and kgco» are listed
in Table V. The synthesis results, especially those using five trial
functions, are remarkably accurate. The errors never exceed a few per—
cent and generally are well under 1%.

One more synthesis calculation was performed, using five trial func-
tions, to test the ability of the trial functions obtained for the middle-
of-cycle conditions to synthesize fluxes corresponding to an appreciably
different burnup stage of the same reactor. This calculation used the
same five trial functions previously described to expand the flux corres-
ponding to the beginning-of-cycle composition given in Table I. The
results are listed in Table VI. As expected, the accuracy obtained is
clearly less in this case. Nevertheless, most of the values obtained are
still within a few percent of the corresponding two-dimensional results.
Quantities such as kgff, peak power, and peak power location are predicted
quite well.

CONCLUSIONS

The continuous synthesis procedure using a few one-dimensional trial
functions has produced remarkably accurate values of a variety of physi-
cally significant reactor parameters. When the trial functions are used
in a model with appreciably different compositions than the model for
which they were calculated, the results, even though still acceptable are,
as expected, of lower quality. This implies that synthesis methods could
be used for fuel cycle calculations, employing trial functions computed
for a single stage in the cycle.
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A3A21
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B8A2C
ABA27
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ABA24
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ABA2E
ABA26
ABA2 6
ABA27
ARA27
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ABA27
43821
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ABBZ1
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0.1004€D-0142
0.14€61€60-04M5
0.159450-0578
0.127C<D-01M11
0.100500-0142
0.143520-C6%5
0.1584S5D-05M8
0.12706N-0iM11
0.10C550=-C1M2
0.126660-0€M5
0.155650-C7me
0.12709D-01M11
0.10062D-01M2
0.12552D0-C6M5
0.151€2D0-05M8
0.127090-01M11
0.100750-01M2
0.110280D-0€M5
0.1452CND-05M8
0.12705D-01M11
0.10092D-01M2
0.91196D-C7M5S
0.13642D-0518
0.'27090-01M11
0.101100-01%2
0.654470-CTM5
0.122270-05ve
0.127CSD-01M1)
0.101470-01M2
0.2506€D-07M5
0.1031€&D-CS5M8
0.127090-07M11
0.'01750=-0iM2
0.19624D-C7M5
0.8234BD-0€6VME
0.127C€D-01M11
0.10157D-0142
0.35902D-C7%5
D.5744ED-C6MB
0.1270°0-01M11
0.1187£D-01M2
0.9123¢D-CEMS5
0.694700-06M8
0.2361650-01M11
0.11912D0-01M2
0.313450-08%5
J.43792D-CéMb
0.236150-01%11
0.101620-01¥2

0.23141D-C03M2
0.23648D-08M6
0.361S70-04M9
0.832350-02
0.229970-03M3
0.22073D-08%6
0.35810D-04M9
0.832350-02
0.22616D-03M3
0.21596D-C8M6
0.34794D-04M9
0.83235D0-02
0.21972D-03M3
0.19253D~08M6
0.32114D0-04M9
0.832350-02
0.21042D-03M3
0.16184D-0846
0.30722D-04M9
0.83235D-02
0.197610-03M3
0.125050-08M6
0.27718D-04MYy
,0.883250-02
0.177990-03M3
0.79833D-09M6
0.23437D-C4eM9
0.83235D-02
0.153080-03M3
0.396870-09M6
0.185220-04M"S
0.832350-02
0.12611D-03%43
0.156450-09M6
0.13866D-04M5
0.832250-02
0.144570-03M3
0.36427D0~-09M6
0.17088D-04M9
0.832350-02
0.10039D-03M3
0.54764D-10M6
0.807710-054°
0.3E5020-02
0.67538D0-0443
0.122210-10M6
0.401460-05M9
0.389020-02
0.141950-03M3

0.%00«6VU-05
0.24866D-06
0.0 D+00

0.79054D-05
0.24904D-04
0.0 D+00

0.764460-05
0.250000-04
0.0 D+00

0.721260-05
0.251750-04
0.0 D+00

0.66065D-05
0.254230-04
0.0 D+0O

0.580220-05
0.257670~-04
0.0 D+00

0.463770-05
0.263050-04
0.0 D+00

0.328570-07
0.270160-04
0.0 D+00

0.208090-05
0.2717830-04
0.920000-03

0.305320-0%
0.272470-04
0.0 D+00

0.127890-05%
0.334060-04
0.0 0+00

0.619530-06
0.3426440-04
0.0 L+00

0.332830-05

ABA31
ABA31
ABA31
ABA32
ABA32
ABA32
ABA3Z
ABA33
ABA3Z
ABA22
ABA32
A3A34
ABA34
ABA3L
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ABA3S
ABA3S
ABA3S
ABA2S5
ABA36
ABA36
ABA36
ABA36
ABA3T
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ABA37
ABA3T
ABR21
ABRA31
ABR31
ABB31
ABB32
ABB22
ABB22
ABE22
ABC31
ABC31
ABC31
ABC31
RB14

RB1l4

RB14

°B14

R"B24

RB24

RB24

RB24

REF AX
REFRD

0.40587P-07M5
0.10675D0-0°78
0.12709D-01M11
0.101€30-01M2
0.39780L-C7V5
0.10€03D-C5Me
0.127090-01M11
0.101€66D0-01M2
0.37683D-C7M5
0.10412D-05M78
0.127090-01M11
0.10172D0-01M2
0.3427SD-07M5
0.10087D-C5M8
0.127090-01M11
0.101790-01™2
0.29€£72D0-C7M5
0.S61CBD-06MB
0.12709D-01Mi11
0.101900-C1M2
0.239290-07¥5
0.89431D-C6M8
0.1270SD-01M11
0.10205D-01M2
0.165C€C-07M5
0.789900-06ME
0.1270S0-01M11
0.10224D0-01M2
0.927280-0EMS5
0.55134D-06V8
0.127090-01M11
0.102430-01M2
0.42755D-CEMS
0.,50279D0-06M8
0.127050-01M11
0.1023CD-01%2
0.R25020-08M5
0.6095ED-CEMB
0.12706D-01M1
0.11925D0-01V2
0.168710-C8N5
0.42414D-06M8
0.23615D0-01M11
0.11945D0-01M2
0.688120-06M5
0.29€8140-06M8
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4.2648SE-02M11
7.6857 E-02M11

0.420550-C9%¢
0.142570-0449
0.832350-02

0.140S70-03%3
0.40°390-C9v6
0.141950-04M9
0.632350-02

0.13£35C-02M3
0.3B0700-09%6
0.13770V-0&~0
0.8322350-02

0.132920-03M3
0.23430D-COM6
0.13062D-04MS
0.832350-02

0.127500-03M3
0.276270-09%c
0.120690-04M9
0.82245D-02

0.11R66D-03243
0.20€£950-09M6
0.10762D-04M9
0.832350-02

0.10533D0-03%3
0.125550-09M¢6
0.89278D-05M9
0.822350-02

0.887730-04M3
0.57654D-10M6
0.68708D-0549
0.82235D0-02

0.71458D-04%3
0.20271D-10M6
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0.832350-02

0.83146D-04M3
0.50677D-10M0
0.62629D-05M%
0.83235D0-02

0.5€6221D-04M3
0.717460-11M6
0.216180-05M9
0.389020-02

0.3E150D-04M32
0.175S7D-11M6
0.172220-05M9
0.389020-02

1.09%2 €-02

1.€65375€-03

QecT09112-004
0.0 L+0O

Ve32H310-0%
0.2711860-04
0.0 b+0U

0.316410-0%
VelT1°00-04
0.0 C+00

0.296650-05
0.273120-04
0.0 0+00

0.2€689620-05
0.274910-04
0.0 0+00

0.23¢53C-05
0.277390-04
0.0 D400

0.181250-0%
0.281220-04
0.0 D+ 00

0.123730-0%
0.286200-04
0.0 D+00

0.743920-06
0.291480-04
0.920000-03

0.112590=-05
0.28778L-04
0.0 D+00

0.453560-06
0.345020-04
0.0 0+00

0.220580-06
0.349840D-04
0.0 L+00
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TABLE III. Energy Boundaries

I

Lower Energy
Group Boundary
1 1.35 MeV
2 183 keV
3 24.8 keV
4 4.31 keV
5 275 eV
6 1053 eV







TABLE IV. M.O.C. k Values
eff

Calculation kcff Akeff Error
2D 1.003480 Sm—

dF 152,354, 5 1.003058 0.000422

TP 1538,5 1" 1.003015 0.000465

(R34 1.002893 0.000597

TR 152,5 1.002840 0.000640

iR 152,4 1.002893 0.000597

TF 1455 1.002862 0.000618

TF 1 1.002476 0.001004
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TABLE V. M.0.C. Synthesis

Results

Regional Breeding Ratios

Calc. kcff BR CL (6 AB1 AB2 RB1 RB2
DIF2D .003480 .37081 .50449 .28833 | 0.24182 13552 | 0.11885 .05181
ImlciE. .003058 .37429 .50592 .28708 | 0.27193 13376 | 0.14979 .05583
SIS .003015 .38121 .50634 .28673 | 0.24187 13375 | 0.14980 .06272
(WE R, .002440 59571 .50886 .28509 | 0.23832 .13604 | 0.14903 .07796
Regional Power Fractions Pmax pmax
arbitrary Location,
Calc. kCff BR Cl 67 AB1 AB2 RB1 Ri32 units an
e z
DIE2D .003480 .37081 <o07L .3816 0.0515 0235 0.0311 .0052 0.75254 . 260 I 5.810
BN oRS .003058 .37429 .5087 .3798 0.0514 0233 0.0312 .0055 0.75798 . 266 ! 5.810
!
Bl .003015 .38121 <5092 .3793 0.0514 0234 0.0312 .0055 0.76197 266 | 35.810
l
LT, .002440 .39521 «5115 ATT3 0.0499 0249 0.0310 .0054 0.76933 266 | 5.810
|
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TABLE VI. B.O.C. Synthesis Results®

Regional Breeding Ratios
{
|

Calc. keff BR ClL G2 AB1 AR2 RB1 RBE2
| .
; 1FZD 1.042968 | 1.46050 | 0.46276 | 0.2874C i 0.27912 | 0.17329 | 0.17705 ! 0.08090
5 TP 1.040214 | 1.42670 | 0.47620 | 0.28065 { 0.28636 | 0.16808 | 0.14574 | 0.06966
Regional Power Fractions Pmax Pmax
arbitrary Location,
Calc keff BR (031 €2 AB1 ABZ RB1 RB2 units cn
] r z
DIF2D 1.042968 ! 1.46050 | 0.4858 0.4112 0.0398 0.0238 0.0324 0.0069 0.65292 1.266 | 3.810
S\ T.F 1.040214 i 1.42670 | 0.4998 0.4016 0.0407 | 0.0233 0.0286 0.0061 0.69032 1.266 | 3.810

aUsing M.0.C. trial functionms.
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cm

129.50

76.20

38.10

AXIAL REFLECTOR

(RA)
RADIAL
AXIAL BLANKET | AXIAL BLANKET 2 BLANKET 2
(ABI) (AB2) (RB2)
REFRD
(RR)
RADIAL
CORE | CORE 2 BLANKET |
(c1) (c2) (RBI)
87.38 123.70 163.40
cm

Fig. 1. Reactor Configuration

(ANL Neg. No. 116-960 T-1)
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c

12950

76.20
63.50

50.80

38.10

(0}

AXIAL REFLECTOR

ABA3I |ABA32|ABA33 [ABA34|ABA35 |ABA36|ABA37| ABB3I | ABB32 ABC3I RBI4 |RB24

ABAZ2I |ABA22|ABA23|ABA24{ ABA25|ABA26|ABA27| ABB2! | ABB22 ABC2I RBI3 |RB23

ABAII [ABAI2 |ABAI3 |ABAI4|ABAIS |ABAIG |ABAI7 | ABBII | ABBI2 ABCII RBF2 |RB22 REFRD
CZAl | CZA2 | CZA3 | CZA4 | CZAS5 |CZA6 |CZAT | czBI czB2 CzCl RBII RB2I|

(0] 760 20.10 3311 4621 5933 7246 8738 9698 107.07

Fig. 2.

cm

Detailed Reactor Configuration

(ANL Neg. No. 116-959 T-1)

12370 136.94 150.21 16340
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